Background {#Sec1}
==========

In 2014, there will be an estimated 232,670 new cases of breast cancer and approximately 40,000 deaths in the United States \[[@CR1]\]. The estimated prevalence for women living with breast cancer in the United States was 3,131,440 \[[@CR2]\]. The median age of diagnosis for breast cancer was 61 years \[[@CR2]\]. The age-adjusted breast cancer incidence rate for women was 124.6 per 100,000 \[[@CR3]\]. While the age-adjusted incidence rate was similar between white and black women, black women had higher mortality than white women \[[@CR4]\].

Payer status, as well as income, education, age, and ethnicity, may affect access to health care and influence breast cancer stage at diagnosis \[[@CR5]\] and patient survival \[[@CR5]-[@CR9]\]. Reduced access to healthcare has been linked to advanced stage of cancer \[[@CR5],[@CR7]\] and worse survival \[[@CR6],[@CR7]\]. Lower survival rates have been found in individuals with no insurance or Medicaid \[[@CR6],[@CR7],[@CR10],[@CR11]\]. Lower education attained has been associated with large tumor size and advanced stage disease at breast cancer diagnosis \[[@CR12]\], however, the association with patient survival has been mixed \[[@CR13],[@CR14]\].

With the recent development of the Affordable Care Act \[[@CR15]\], there may be a shift in health insurance coverage in the US. In the 2012 population, there were 50.90 million (16.4%) people enrolled in Medicaid, 48.88 million (15.7%) with Medicare, and 47.95 million (15.4%) with no insurance \[[@CR16]\]. As the type and availability of insurance changes, it will be important to assess differential effects of payer status on the outcome of patient survival. This study used the large National Cancer Data Base (NCDB) data to evaluate how payer status, as well as secondary factors, impacts breast cancer survival.

Secondary factors, which may also reflect access to healthcare, include the following indicators: (1) The patient's choice of treatment facility type (cancer program), (2) whether they are diagnosed and treated in the same facility (diagnosing/treating facility), (3) the distance a patient must travel to the facility (distance travelled), (4) the length of the delay to start treatment once diagnosed (treatment delay), and (5) their Charlson Comorbidity index.

Studies have demonstrated an improved prognosis for female breast cancer patients treated in large community hospitals compared with small community hospitals and Health Maintenance Organization (HMO) hospitals \[[@CR17]\]. This is supported by evidence that shows better outcomes for high-risk surgery in high-volume hospitals \[[@CR18]\]. Teaching hospitals, known for awareness of current treatment methods and higher medical research involvement, have also shown an advantage over nonteaching facilities \[[@CR17],[@CR19],[@CR20]\]. Stage at diagnosis has been linked to distance travelled for healthcare \[[@CR21]\]. Differences in survival rates \[[@CR22]\] and timely mammography for breast cancer in women \[[@CR23]\] have been found between urban and rural settings. A few studies have found that treatment delay has no significant relationship with breast cancer survival \[[@CR24]-[@CR26]\]. In contrast, one study found an 85% increased risk of breast cancer-specific mortality for low-income, late-stage breast cancer patients who waited \>60 days to initiate treatment compared to those who waited \<60 days \[[@CR27]\]. More co-existing conditions or a higher Charlson Comorbidity index has also been found to be a predictor of late stage diagnosis in colon cancer \[[@CR21]\] and to be associated with increased risk of breast cancer mortality \[[@CR28]\]. This study investigated the effects of payer status on female breast cancer survival.

Method {#Sec2}
======

This study examined 976,178 female breast cancer patients who were diagnosed between 1998 and 2006 and followed until December 31, 2011. The data used in this study was derived from a de-identified NCDB file. The NCDB captures approximately 70% of all newly diagnosed cases of cancer in the United States at the institutional level \[[@CR29]\]. The International Classification of Disease for Oncology, third edition (ICD-O-3) codes (C500-C506, and C508, C509) associated with a diagnosis of breast cancer were used to select patients.

The primary outcome variable, survival time of breast cancer patients, was calculated from date of diagnosis to date of death, date of loss to follow-up, or date of study end (December 31, 2011). The primary predictor variable was payer status. Secondary predictor variables included tumor stage, age, race, Charlson Comorbidity score, income, education, distance travelled, cancer program, diagnosing/treating facility, and treatment delay.

Payer status was categorized as uninsured, private, Medicaid, Medicare (or other government insurance plan), or unknown. The American Joint Committee on Cancer (AJCC) stage was categorized as I, II, III, or IV for stage at diagnosis. Age was grouped as 18--49, 50--64, 65--74, or ≥75 years. Patient race was categorized as white, black, or other. The other race category included patients with Asian and Hispanic ethnicity. Charlson Comorbidity \[[@CR28]\] is an index to reflect the overall health status of a patient. Charlson Comorbidity was categorized as 0, 1, ≥2, or unknown. Income, or median household income at zip code level, was grouped as \< \$30, \$30-34, \$35-45, or ≥ \$46 k. Education, a measure of the percent of adults in the patient\'s zip code who did not graduate from high school, was grouped as ≥29%, 20-28%, 14-19%, and \<14%. Education was determined using 2000 census data. Distance travelled, the distance from the patient's residential zip code to a medical center, was grouped as \<10, 10--24, 25--49, 50--99, or ≥100 miles. Cancer program was categorized as community, comprehensive, academic and research, or other (other services and clinics) cancer program. Diagnosing/treating facility was categorized as same or different. Treatment Delay was grouped as 0--5, 6--20, 21--30, or ≥31 days.

Chi-Square statistical tests were used to compare the distributions of stage by payer status and other categorical variables. Kaplan-Meier methods were used to estimate survival curves. Log rank tests were used to compare the survival distributions in univariate analysis. Šidák correction method was used for adjustment in Multiple Comparisons for the Log rank Test. Multivariate Cox regression was used to simultaneously estimate the hazard of death (Hazard Ratio) of payer status and adjusted other factors. Direct Adjusted Median Overall Survival (MOS) was calculated by using Multivariate Cox regression. Statistical Software SAS 9.4 (SAS Inc. Gary, NC) and STATA 13.1 (College Station, TX: Stata Corp LP) were used for data management, statistical analysis, and modeling. All p-values \<0.05 were considered statistically significant.

Results {#Sec3}
=======

The mean age at diagnosis for all patients was 60 years, with mean ages of 60.5, 56.5, and 54.8 years for white, black, and other race respectively. The mean age at diagnosis was 61.5, 58.2, 58.1, and 61.8 years for stage I, II, III, and IV respectively.

The patient's payer status distribution by stage is shown in Table [1](#Tab1){ref-type="table"}. For stage, 47.96%, 37.04%, 10.37%, and 4.62% of patients presented with stage I, II, III, and IV diseases, respectively. For payer status, 2.55%, 55.61%, 4.27%, 34.23%, and 3.34% of patients presented with uninsured, private, Medicaid, Medicare, and unknown payer status at diagnosis, respectively. Uninsured (28.68%) and Medicaid (28.0%) patients had a much higher proportion of advanced stage (stage III and IV) disease. Private (13.28%) and Medicare (12.79%) had a lower proportion of stage III and stage IV disease. A statistically significant difference in the presentation of advanced stage at diagnosis was found according to payer status (p \< 0.05).Table 1**Insurance payer status distribution by stage of female breast cancer patients**StageUninsuredPrivateMedicaidMedicareUnknownTotalIn74642595361254617455214124468222%30.0447.8130.0752.2343.2947.96IIn102602112171749211023112418361618%41.2938.9141.9332.9938.0637.04IIIn4281536727826315703911101260%17.239.8918.769.4511.9910.37IVn284418380385417829217145078%11.453.399.245.346.654.62III + IVn71257205211680493996082146338%28.6813.282814.7918.6414.99Totaln248495428054171833418232624976178%2.5555.614.2734.233.34100

A statistically significant association was also found between stage at diagnosis and all secondary factors (data not shown). African American patients (28.15%) had the highest stage III and stage IV, and the percentages for white (14.06%) and other (14.47%) were much lower. Distinct patterns appeared in the stage distributions of Charlson Comorbidity, income, and education. As the Charlson Comorbidity increased, the percentage of stage II, III, and IV patients increased. As income and education level increased, the percentage of stage II, III, and IV patients decreased.

The results of univariate analysis can be seen in Table [2](#Tab2){ref-type="table"}. For payer status, the MOS value for each level was statistically different from all other levels. Medicare payer status had the shortest MOS (MOS = 10.13 years), followed by Medicaid (13.08), unknown (14.56), uninsured (\>14.89), and private (15.00).Table 2**Median overall survival (MOS)\* for female breast cancer patients**FactorLevelnMOSLowerUpperGroup factorsAll Patients97617814.7514.6914.84DemographicAge (Years)18-49252080\>14.99N/AN/A50-64354102\>14.9914.94N/A65-7419204213.5913.4813.73≥751779547.147.17.18RaceWhite85186314.7714.7114.86Black9864113.2513.0313.66Others25674\>14.95N/AN/AEducation (%), did not graduate from high school≥2914444013.513.3513.7420-2820258314.0913.9514.1614-1921758714.4914.3714.64\<1436611814.9214.9N/AClinical characteristicStageStage I46822214.9914.92N/AStage II36161814.7814.6914.94Stage III1012607.817.77.91Stage IV450781.71.671.73Charlson Comorbidity037527010.3310.16N/A1416619.69.459.85≥283225.585.45.81Unknown55092514.7114.6714.8Access to health carePayer StatusUninsured24849\>14.8914.06N/APrivate54280515N/AN/AMedicaid4171813.0812.8413.85Medicare33418210.1310.0810.18Unknown3262414.5614.31N/AIncome (\$1000)\<3011791912.7712.6512.9230-3415876213.9213.7914.0535-4525601314.4714.3314.51≥4639808614.9214.9N/ADistance Travelled (Miles)\<1055647614.5814.4714.6610-2423404915N/AN/A25-498899414.7714.63N/A50-9939053\>14.9414.64N/A≥1002234914.99N/AN/ACancer ProgramCommunity11017413.7213.5613.83Comprehensive56329914.7514.6914.86Academic Research261484\>14.9914.9N/AOthers4122112.4912.1913.12Diagnosing/Treating FacilitySame66249814.6114.514.67Different31368014.9114.86N/ATreatment Delay (Days)0-529690414.7614.6914.926-2028432114.8614.77N/A21-3015577414.8414.67N/A≥3119345514.4514.2414.7\*All p-values \<0.0001 by using Logrank Test. Median Overall Survival (MOS). N/A: not reached.

Overall MOS was 14.75 years. With the exception of distance travelled and treatment delay, all secondary factors showed an MOS value for each level that was statistically different from all other levels. The largest differences were found for stage, age, and Charlson Comorbidity. MOS decreased as stage, age, and Charlson Comorbidity increased. Age ≥75 (7.14) and ≥2 Charlson Comorbidity (5.58) had the shortest survival for their groups. Stage III and IV (1.70) had much shorter survival compared to stage I and II. Education and income displayed a more subtle pattern. As the patient's level of education and income increased, MOS also increased.

MOS was statistically inferior for distance travelled greater than 50 miles. Results for MOS according to treatment delay did not follow a clear pattern. Patients with treatment delay of 0--5 days and ≥31 days were not statistically different from each other but differed from the other delay groups (6--20 and 20--30 days).

Tables [1](#Tab1){ref-type="table"} and [2](#Tab2){ref-type="table"} demonstrate the need for multivariate regression to further investigate the effect of payer status. In these analyses, many factors are statistically related to survival.

Table [3](#Tab3){ref-type="table"} displays the results of hazard ratio (HR) of death from a multivariate cox regression analysis. After adjusting for secondary factors, payer status was a significant predicator for overall survival. Private, unknown, and Medicare payer status had a decreased risk of dying compared to uninsured, with decreases of 36% (HR = 0.64), 22% (0.78), and 15% (0.85) respectively. Patients with Medicaid insurance, however, had an 11% (1.11) increased risk of dying as compared to uninsured patients had.Table 3**Hazard ratio (HR) of death and 95% confidence interval (CI) of HR\* from multivariate Cox regression analysis for female breast cancer patients**Hazard ratio, 95% CIGroupFactorLevelHRLowerUpperp-value^\#^DemographicAge (Years)18-49150-641.121.11.13\<.000165-741.661.631.69\<.0001≥754.003.934.07\<.0001RaceWhite1Black1.311.291.33\<.0001Others0.780.750.8\<.0001Education (%), did not graduate from high school≥29120-2810.981.010.689414-190.960.950.98\<.0001\<140.890.880.91\<.0001Clinical characteristicStageStage I1Stage II1.821.81.84\<.0001Stage III4.54.454.56\<.0001Stage IV15.5415.3215.75\<.0001Charlson Comorbidity0111.431.411.46\<.0001≥22.272.192.34\<.0001Unknown1.241.221.25\<.0001Access to health carePayer StatusUninsured1Private0.640.620.65\<.0001Medicaid1.111.081.15\<.0001Medicare0.850.820.87\<.0001Unknown0.780.760.81\<.0001Income (\$1000)\<30130-340.960.950.98\<.000135-450.950.940.96\<.0001≥460.890.880.91\<.0001Distance Travelled (Miles)\<10110-240.970.960.98\<.000125-490.950.940.96\<.000150-990.930.910.95\<.0001≥1000.90.870.93\<.0001Cancer ProgramCommunity1Comprehensive0.950.940.96\<.0001Academic Research0.900.890.92\<.0001Others1.081.051.11\<.0001Diagnosing/Treating FacilitySame1Different0.910.90.92\<.0001Treatment Delay (Days)0-516-200.930.920.94\<.000121-300.900.890.92\<.0001≥310.980.960.99\<.0001\*HR: Hazard Ratio of death. CI: Confidence Interval.\#p-value: Chi-test of HR is significantly different from 1 (the reference group of each factor).For example, HR = 0.64 (0.62-0.65) for private payer status indicated that, adjusting for stage, age, race, etc. the patient with private payer status has a 36% (1--0.64 = 0.36) lower risk of dying compared to uninsured payer status.

Adjusting for other factors, age, race, Charlson Comorbidity index, and stage were also significant predictors of survival in Table [3](#Tab3){ref-type="table"}. HR increased with increasing age. The HR was higher for age 50--64 (1.12), 65--74 (1.66), and ≥75 (4.0) compared with age 18--49. At age ≥75, patients were 4.0 times more likely to die than those age 18--49. Compared to white patients, black patients had a 31% (1.31) increase, and other race had a 22% (0.78) decrease. Patients with ≥2 (2.27) and 1 (1.43) Charlson Comorbidity were more likely to die than those with no comorbid conditions. Corresponding to the subtle pattern in Table [2](#Tab2){ref-type="table"}, HR decreased as both income and education increased.

Figure [1](#Fig1){ref-type="fig"} illustrates the Direct Adjusted MOS found for payer status only. The Direct Adjusted MOS was 14.92, 14.76, 14.56, 13.64, and 12.84 years for private, unknown, Medicare, uninsured, and Medicaid payer status respectively. Patients with private insurance had a 2.1 year longer survival compared to patients with Medicaid insurance.Figure 1**Direct adjusted survivor functions for payer status.** Direct adjusted median overall survival (MOS) was 14.9, 14.8, 14.6, 13.6, and 12.8 years for private, unknown, Medicare, uninsured, and Medicaid respectively.

Discussion {#Sec4}
==========

Payer status had a statistically significant relationship to stage distribution and overall survival for female breast cancer patients. Patients with no insurance or Medicaid had the highest proportion at stage III and stage IV when diagnosed (Table [1](#Tab1){ref-type="table"}), a finding which supports the results of another study \[[@CR5]\]. In multivariate analysis, adjusting for other factors including stage, payer status was a significant predictor of overall survival. Patients with private and unknown payer status were less likely to die than uninsured and Medicaid patients. Private patients had a Direct Adjusted MOS over 1.3 and 2.1 years longer than uninsured and Medicaid patients respectively (Figure [1](#Fig1){ref-type="fig"}). Our findings support other studies that show higher stage at diagnosis \[[@CR5]\] and worse survival for patients with no insurance or Medicaid \[[@CR6],[@CR7],[@CR10],[@CR11]\]. Higher stage at diagnosis and lower survival in these populations might be explained by lower access to preventive screening and high-quality care. Further research is needed to investigate the barriers for these populations and to develop targeted interventions.

In the multivariate analysis, the secondary significant predictors of survival were age, race, Charlson Comorbidity index, and stage. Patient's age ≥75 were 4.00 times more likely to die than patients 18--49. As expected, older patients have a higher risk because of the aging process. African American patients had the highest mortality when compared to white patients. This was consistent with literature demonstrating lower survival in African American patients \[[@CR9],[@CR30],[@CR31]\]. Patients with ≥2 Charlson Comorbidity were 2.27 times more likely to die than those with no comorbid conditions. Another study indicated an association of one unit of change of Charlson Index with a 2.3-fold increase in the 10-year mortality in breast cancer patients \[[@CR28]\]. As a measure of overall health status, a higher risk of dying is expected with a higher Charlson Index.

In this study, the HR estimation for various factors was more reliable, with a narrow 95% confidence interval, because so many patients were studied. However, because of this, the reader must differentiate between statistical and clinical significance when interpreting the results. Although all categories in the multivariate analysis were statistically significant, not all HR changes would be clinically important. For example, with an HR of 0.96, some factors were statistically significant even though there was only a risk reduction of 4%.

This study investigated how a patient's access to health care can impact survival. The level of patient adherence to National Comprehensive Cancer Network treatment guidelines was not studied here, but could also be an important factor. Addressing patient adherence in future research might provide a more complete understanding of the influence of treatment characteristics.

Another issue was the information collected from the NCDB. The database did not collect Charlson Comorbidity information consistently before 2003. The reference group (0 Charlson Comorbidity) for 2003--2006 was used to estimate the Charlson Comorbidity effect for patients diagnosed before 2003 (coded as unknown Charlson Comorbidity). This estimate may only represent an average of all Charlson Comorbidity conditions in the earlier group. The NCDB also did not collect cause-specific death information. We assessed the effect of payer status on overall survival instead of cause-specific survival. Measuring the effect on cause-specific survival may produce different results. Additionally, education and income by zip-code was collected instead of individual education and income. Using individual education and income level would strengthen the analysis of these factors. The NCDB, a large retrospective national database, may also be sensitive to bias in patient selection and variation in institution reporting \[[@CR32]\].

Conclusion {#Sec5}
==========

We observed that uninsured and Medicaid patients were most likely to be diagnosed at stage III and stage IV. Payer status, our primary focus, showed a statistically significant relationship with overall survival. This remained true after adjusting for secondary predictive factors. Patients with no insurance or Medicaid had higher mortality than private, Medicare, unknown insurance. Further research is needed to investigate patient treatment adherence and cause-specific survival.
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